Introduction
Gene/prodrug systems can be used to selectively target malignant cancer cells while leaving normal cells unharmed. Thus, application of these systems to reduce undesirable side-effects has recently received increased attention (1) . A gene therapeutic system using cytosine deaminase (CD)/5-fluorocytosine (5-FC) (2-4), a gene-directed enzyme/prodrug therapy (GEPT) that currently exists, involves the conversion of a nontoxic drug (5-FC) into the toxic metabolite 5-fluorouracil (5-FU), an active anticancer drug that inhibits DNA synthesis in cancer cells (5) . In addition, herpes simplex virus thymidine kinase (HSV-TK) suicide gene and its complementary prodrug ganciclovir (GCV) have been used to selectively target human types of cancers, indicating a potential therapeutic use of this gene delivery for primary human types of cancers (6) . This GEPT system has been used to treat various types of cancer including colorectal and prostate cancer in clinical trials (7, 8) . In addition, CPT-11, which is hydrolyzed into a topoisomerase 1 inhibitor (SN-38) by carboxyl esterase (CE), has been administered to cancer patients, including ones with colorectal cancer for decades (9) . Prodrugs appear to be associated with reduced toxicity in normal tissues but there are potential problems with exogenous enzyme delivery for selectively targeting tumor cells.
Stem cells are characterized by both self-renewal and the ability to differentiate into various cell types (10) . However, the applications of embryonic stem (ES) cells taken from a developing human embryo are linked to numerous ethical issues. Therefore, the therapeutic use of these stem cells has been extremely restricted (11, 12) . Recently, stem cell therapy using multi-pluripotent stem cells has been used for treating malignant cancer and promoting the self-renewal of damaged tissues (13, 14) . Adult stem (AS) cells including neural stem cells (NSCs), mesenchymal stem cells (MSCs), and umbilical cord-derived MSCs are easily obtained and have been successfully used in numerous patients (15) . Genetically engineered NSCs as a component of GEPT can serve as a potent gene delivery entity that selectively targets and kills cancer cells following systemic treatment with a prodrug (16) . In particular, NSCs derived from medulloblastomas and gliomas have a great potential for treating malignant brain cancer (17, 18) .
Although the exact mechanism(s) that govern how NSCs selectively migrate to tumor sites are not fully understood, Gene therapy strategies using engineered stem cells for treating gynecologic and breast cancer patients (Review) these cells have been used to deliver therapeutic molecules in patients with disseminated metastatic cancers (19, 20) . In this review, we discuss several types of stem cells that can selectively deliver therapeutic genes in both in vitro and in vivo models of gynecologic and breast cancers. Of particular interest is that the tropism of these stem cells can help target intra-and extra-cranial tumors of both neural and non-neural origins (19, 21) . Previous studies showed that HB1.F3 human NSCs migrate to xenografted tumors derived from diverse human cancers including prostate cancer, neuroblastomas, gliomas and breast lesions (7, 18, (22) (23) (24) . Although these stem cells do not have a tissue-specific homing capability, they could be useful for directly killing malignant tumors due to their ability to migrate to tumor sites in general (7, 18, 25, 26) . The findings published in the literature indicate that therapeutic stem cells with specific tumor tropism can be used for targeted gene therapy to treat gynecologic and breast cancers in women at terminal stages.
Gynecologic cancers
Ovarian cancers. Although ovarian cancer has a significant impact upon women's health, the mechanism(s) underlying the conversion of normal ovarian surface epithelial (OSE) cells into malignant counterparts and its developmental process remain unclear (27) . To enhance the effectiveness of therapeutic modalities for eradicating ovarian cancer, novel strategies are necessary (28, 29) . To confirm the potential effect of a GEPT protocol using genetically engineered NSCs on ovarian cancer, we studied the therapeutic effects of HB1.F3.CE on SKOV-3 ovarian cancer cells under the treatment of CPT-11 (30) . Administration of CPT-11 not only reduced the number of HB1.F3.CE cells but also inhibited the growth of untransfected neighboring ovarian cancer cells through a bystander effect. Other previous studies demonstrated that immune responses or apoptotic factors may be involved in GEPT-induced bystander effects (31, 32) . However, further study is required to clarify the mechanism underlying these bystander effects in diverse human cancers. In previous studies using diverse models for human cancers, a GEPT system including CD/5FC or CE/CPT-11 induced antitumor effects in vivo (17, 18) . In addition, results of the above studies showed that genetically engineered stem cells (GESTECs) expressing CD/CE may have the ability to selectively migrate toward and directly kill ovarian cancer cells. A recent study demonstrated that the reconstructed mSCs expressing both TK and CD vectors were capable of slowing down the growth of human SKOV-3 ovarian cancer cells in the presence of prodrugs in vitro, indicating that the use of combination chemotherapy exhibited a more significant inhibitory effect than using a single prodrug (33) .
In addition, intraperitoneal injections of IFN-β-expressing MSCs resulted in complete eradication of tumors in 70% of OVCAR-3 xenografted mice and an increased survival of SKOV-3 xenografted mice (34) . As a potential mechanism of tumor eradication, it can be suggested that ovarian carcinoma engrafts mSCs to participate in myofibrovascular networks and IFN-β produced by MSCs intratumorally modulates tumor kinetics by producing IFN-β-induced caspase-dependent tumor cell apoptosis, resulting in prolonged survival in animal models (34) . Taken together, this GEPT system resulted in an antiproliferative effect on ovarian cancer cells, suggesting that GESTECs expressing therapeutic genes in the presence of prodrugs may have therapeutic potential for selectively targeting ovarian malignancies in female patients (30) .
Endometrial cancer. Every year, approximately 40,000 new cases of endometrial cancer are diagnosed in the US and ~7,000 women succumb to this disease each year. Thus, endometrial/uterine cancer is the fourth most common malignancy and the eighth leading cause of cancer-related death among women in the US (35) . The exact factors responsible for the pathogenesis and progression of endometrial cancer are poorly understood although extensive research on this type of cancer is currently ongoing. Treatment for endometrial cancer includes several types of approaches such as surgical removal of the uterus, radiation, hormone therapy and chemotherapy (36, 37) . Among these methods, chemotherapy and radiotherapy have been most commonly used. However, the accompanying sideeffects are serious and these modalities are associated with a high risk of recurrence (38, 39) .
Stem cell-based gene therapies may be a potential alternative treatment for many types of human cancer. The therapeutic potential for treating cancer with human NSCs immortalized by a retroviral vector has been evaluated (40) . In our previous study, we tested the hypothesis that human NSCs genetically engineered via gene transfer are highly effective for eradicating endometrial cancer cells (41) . Although an accurate molecular mechanism underlying the tumor-tropism of these stem cells has not been clearly elucidated, the tumor-tropic activities of HB1.F3.CD and HB1.F3.CD.IFN-β cells can provide an excellent method for specifically and selectively targeting endometrial cancer. The tumor cell derived factors, such as SDF-1, scatter factor, VEGF and macrophage chemotactic protein-1 (MCP-1), which may serve as chemoattractants, were carefully scrutinized to explain the tumor-tropism of stem cells toward targeted cancer cells (17, 42) .
Cervical cancer. It is expected that the occurrence of cervical cancer will be decreased due to the development of the human papilloma virus (HPV) vaccine. However, cervical cancer still remains a significant public health issue for women (43) . According to the world Health Organization (wHO), cancer of the cervix uteri is the second most common malignancy among women worldwide with an estimated 529,400 new cases and 274,900 deaths in 2008 (44) . Approximately 86% of cervical cancer cases occur in developing or underdeveloped countries, representing 13% of cancer cases in females (45) . Although hysterectomy is the best preventive method for cervical cancer, this therapy causes sterility in patients. To reduce the sterility of women with cervical cancer, more efficient treatments against this disease are required.
GESTECs have been employed to treat cervical cancers in a xenograft mouse model (46) . In this study, the viability of Hela cells was decreased in response to 5-FC, indicating that the prodrug was converted into the toxic 5-FU metabolite by CD and led to cell death in a co-culture system with GESTECs. when IFN-β was additionally expressed with CD by the stem cells, the anticancer activity was significantly increased (46 
Breast cancer
Breast cancer is the most common malignancy impacting the health of women worldwide with an incidence rate that increases each year (49) . In addition to this increase of occurrence, breast cancer is the leading cause of death among women due to uncontrolled cell growth, invasion and metastasis (49) . Similar to other types of cancer, chemotherapy is the main treatment for breast cancer patients with advanced metastatic disease (50) . Conventional chemotherapeutic drugs including 5-FU, irinotecan, oxaliplatin, chlorambucil, taxol and vincristine have been widely used, yet these compounds are sometimes associated with disease resistance, toxicity and other undesirable side-effects (49) . Consequently, there is a substantial need for novel, effective and safe therapies for patients with aggressive breast cancer.
As previously mentioned, therapeutic stem cells are anticipated to be an effective tumor-targeting anticancer agent. Indeed, multiple types of stem cells engineered to express anticancer or therapeutic genes at a specific tumor locus have been reported to significantly inhibit aggressive tumors (13, 17, 22, (51) (52) (53) (54) . Furthermore, some reports indicated that non-engineered native stem cells may also have an inherent ability to prevent the growth of several types of cancer cells (55) . while GESTECs cannot help overcoming problems associated with the expression of exogenous genes such as mutation, inappropriate insertion into genomic DNA and viral vector virulence, non-engineered native stem cells have advantages in terms of patient safety. The anticancer effect of human amniotic membrane-derived epithelial stem cells (hAECs) may be associated with growth inhibitors produced by the hAECs themselves along with the tumor targeting capacity of the cells (49) . It is well known that diverse types of factors such as transforming growth factor-β (TGF-β), interferon-γ (IFN-γ) and tumor necrosis factor-α (TNF-α) secreted by stem cells can inhibit the cell cycle and stimulate apoptosis of cancer cells (49) . A cytokine assay confirmed that hAECs express not only cytotoxic cytokines such as macrophage-colony stimulating factor (m-CSF), TNF-α, TNF-β, IFN-γ and TGF-β, yet also numerous interleukins such as interleukin (Il)-1, Il-2, Il-3, Il-4, Il-6 and Il-8 (49) . Factors such as Il-2, Il-4 and Il-3 are known to enhance the cytotoxicity of natural killer (NK) cells which can attack cancer cells and restrict tumor formation (49) . The mechanisms by which hAECs exert their anticancer effects on breast tumors or other lesions should be further clarified.
Human amniotic fluid-derived stem cells (hAFSCs) are capable of multiple lineage differentiation, extensive self-renewal and tumor targeting. Therefore, these cells may be valuable tools for clinical anticancer therapies as well. In a previous study, hAFSCs were used as cellular vehicles to deliver two suicide genes, CD and HSV-TK, and could possibly represent a novel targeted chemotherapy technique for treating breast cancer (56) . The surface marker profile of hAFSCs and expression of the transcription factor Oct4 suggest that these cells exist in an intermediate stage between pluripotent human ES cells and lineage-restricted adult stem cells (57) . Unlike ES cells, the process used to recover hAFSCs is not controversial. In addition, hAFSCs are associated with a low risk of tumorigenicity in vivo, implying that these cells may have more advantages that make them suitable for therapeutic applications against diverse human malignancies (57-61). In another study, the changes in proliferation and chemoresistance in engineered mSCs expressing transgene with enzymatic function were demonstrated, suggesting the possibilities for further augmentation of targeted mSC-mediated antitumor therapy (62) .
In a previous investigation, treatment with engineered hAFSCs (AF2.CD-TK) and 5-FC/ganciclovir (GCV) had strong anticancer effects while original histological features of the breast tissue (e.g., the epidermis, dermis and reticular layers) were maintained (56) . On the other hand, the structure of breast tissue treated with 5-FU was almost destroyed due to the potent cytotoxicity of the drug. Transgene therapies involving therapeutic or suicide genes are limited because most studies have used viral expression vectors such as adenoviral, retroviral or lentiviral vectors to deliver the suicide genes (e.g., ones encoding CD or TK). Although efficient, these viral delivery systems have unique limitations such as serum complement inactivation and detrimental mutations caused by random integration of the viral genome into the host genome (63, 64) . Therefore, the need to design more accurate and safe delivery vectors is urgent. In addition, the anticancer effect of AF2.CD-TK cells on other types of cancers should be fully evaluated to broaden the therapeutic applications of these cells. Taken together, data from the literature have demonstrated that hAFSCs cells can be engineered to express the therapeutic CD and HSV-TK genes simultaneously, and administration of these GESTECs (AF2.CD-TK) significantly suppressed breast tumor growth after administration of the prodrugs 5-FC and GCV in both cellular and xenograft mouse models (56) . Considering these promising results, AF2.CD-TK cells may be expected to have a therapeutic potential for selectively treating aggressive breast cancer by serving as cellular vehicles in a cell-based gene-directed enzyme prodrug system in breast cancer patients during the terminal stages.
Other origins of stem cells
Engineered mSCs obtained from bone marrow or the umbilical cord have been recently included in therapeutic tumor-targeting studies (65) . These cells are capable of self-renewal and tissue reconstruction (66) and were genetically engineered to express either CD or IFN-β as a delivery vehicle (67) . The cells were found to possess tumor-tropic abilities that are attributed to the expression of growth factors, growth factor receptors, and chemokines (52, 67) . The proliferation of several cancer cell lines including those derived from breast, lung and brain was inhibited in the presence of CD and 5-FC (53, 68) . In particular, the therapeutic efficacy of GESTECs expressing IFN-β was increased when the cells were administered 5-FU (53) . Taken together, these data indicate that a specific and selective mediator or delivery system is critical for enhancing the targeted activity of prodrugs against de novo tumors (41).
Two types of NSCs, HB1.F3.CD and HB1.F3.CD.IFN-β cells, may represent a novel approach for treating invasive tumors due to their inherent migratory and tumor-tropic properties as well as transgene expression (69) (70) (71) . Since no effective treatments are available for most metastatic tumors, stem/progenitor cells expressing a suicide gene (CD) and cytokine (IFN-β) have the potential to improve the prognosis of patients with metastatic cancer (70).
Conclusion
Non-GESTECs without any introduction with therapeutic genes may have unique benefits for stem cell-based therapies because these cells are non-tumorigenic, are associated with low immunogenicity and have anti-inflammatory properties. Anticancer activities of NSCs as well as hAFSCs suggest that these cells are a novel and potential alternative tool for stem cell-based therapy. Human stem cell therapy using NSCs, hAESCs and hAFSCs include both a direct transplantation of non-GESTECs and a more complex application of genetically GESTECs designed for GEPT treatment or therapeutic gene delivery. For these strategies, stem cells from neural, amniotic membrane and amniotic fluid sources effectively target the primary tumors and suppress aggressive tumor growth by expressing various cytotoxic cytokines, such as TGF-β, TNF-α, INF-γ and interleukins (Fig. 1) . In addition, these cells can also serve as novel delivery vehicles for the selective expression of therapeutic or suicide genes including IFN-β, CD, CE and TK at primary and metastatic tumor sites for GEPT as shown in Fig. 1 .
The mechanisms operating in various GEPT are different and therefore the biological properties of given cell types are important to be evaluated. Most GEPT employs viral vector mediated gene transfer protocols, which are usually limited by the restricted ability of the virus to track cancer cells infiltrating into the surrounding tissue and its low migratory capacity towards the tumor, implying that combination of cellular therapy and gene delivery is an attractive option (72) . For GESTECs expressing prodrug-converting genes, the response of tumor cells associated with gap-junctional intercellular communication (GJIC) and expression of enzymes involved in drug metabolism and ABC transporters should be taken into consideration for the selection of the most efficient treatment strategy (73) . Taken together, findings from the literature indicate that GESTECs including NSCs and ones from human amniotic membranes/fluid may exert potent antitumor effects via their tumor-tropic and tumoricidal actions. Therefore, these cells may be used as part of a novel strategy for selectively treating cancer patients with aggressive primary and metastatic malignancies. and their receptors such as VEGF/VEGFR. These GESTECs have the CD, CE or TK gene which can convert prodrugs, i.e., 5-FC, CTP-11 and GCV, into active anticancer therapeutics, i.e., 5-FU, SN-38 and GCV active form, respectively. Consequently, GESTECs migrate into cancer cells and express enzymes containing CD, CE and TK which produce cytotoxic drugs to directly kill cancer cells. These toxic drugs may selectively target cancer cells without harming neighboring normal cells. GESTECs, engineered stem cells; TGF-β, transforming growth factor-β; TNF-α, tumor necrosis factor-α; CE, carboxyl esterase; TK, thymidine kinase; 5-FC, 5-fluorocytosine; GCV, ganciclovir.
